The complex indicate that 12-crown-4 will form a srable complex with Na+ ion at a distance 0.150 nm above the centre of the plane constructed by the four oxygen atoms in the crown ether. This calculation also shows that the bonding between 12-crown4 and Na+ ion has both electrostatic and covalent conmiburions and that a part of the positive charge on Na+ ion is neunalised by pulling the elecnon density all the way from hydrogen atoms through orbital interactions.
Introduction
The crown ethers are cyclic compounds essentially made up of-[CH2 -X-CH, ] -repeating units where X = 0, N or S. They have an interesting chemistry and one of their important properties is their ability to selectively take metal cations into their cavities t o form stable complexes. They are also important with respect t o metal ion transport, Hence the synthesis and characterisation of crown ethers and the study of their interaction with metal ions and ammonium guest molecules have been of interest to many chemists. Crown ethers are also of great interest t o the theoretical chemists because they represent the simplest model system which might contain some of the features of enzyme specificity. The crown ethers can usually adopt more than one conformation. The actual conformation adopted depends on the nature of the guest molecule and this conformation may be different from the stable conformation of the uncomplexed crown ether. 
Computational Method
The method used was the FORT ICON^ programme of Hoffmann and co~o r k e r d :~l~l~$~ This is an all valence electron calculation [3s and 3p atomic orbitals of sodium atom, 2s and 2p orbitals on second row atoms and 1s on hydrogen atom are used] and was used in its charge iteration mode. Itera-
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tions were continued until successive ones produced a change less than 10-e [e = electronic charge] in the charge on any atom. The geometry of 12-crown-4 used was taken from reported X-ray crystallographic datd6 The 
Results and Discussion
Self-consistent charge and configuration calculation provides four pieces of information, namely the gross atomic charges, the overlap populations, the molecular orbital energy levels and the LCAO expansion of molecular orbitals which could be used to compare the electronic structures of crown ethers and their complexes.
'Gross Atomic Charges
The gross atomic charges are given in Table 1 . The negative charges on oxygen atoms and positive charges on carbon atoms in 12-crown-4 and 1,7-diaza-12crown-4 are in agreement with the more electronegative character of oxygen compared with carbon. The hydrogen atoms attached t o carbon v e also positively charged. Thus the oxygen atoms withdraw electrons not only from carbon but also from hydrogen through the orbital interaction. Table 1 also shows that the negative charges on oxygen atoms in 12-crown-4 [-0.305eI and 1,7-diaza-12-crown-4 [-0.3 18e] are very much greater than' those on nitrogen atoms in 1,7-diaza-12-crown-4 [-0.144el and tetraaza-12-crown-4 [-0.155el and this difference in ,qoss atomic charges is also in 
Molecular Orbitals and the Energies of Valence Electrons
The calculated molecular orbital energies of the first ten highest occupied molecular orbitals (H0MO.s) and the total energy of valence electrons of 12-crown-4, diaza-12'-crown-4 and tetraaza-12-crown-4 are given in Table 3 . It is interesting t o note that these calculated molecular orbital energies of 12-crown-4 agrees well with the reported9 binding energy values by photoelectron spectra. The LCAO expansion of these molecular orbitals show that, 'in 12-crown-4, the first eight H0MO.s have contributions from oxygen atoms only and hence could be considered as lone pair molecular orbitals. The ninth and tenth molecular orbitals [E = -12.53eV and -12-58eV] have contributions from all oxygen atoms and carbon atoms and could be assigned to d molecular orbitals. Similarly, in diaza-12-crown-4, the first six Figure 1 . From this pIot it is evident that Na+ ion is too large an ion to be at the centre of the cavity of 12-crown-4 and that the stable complex is formed when the ~a + ion is at a distance 0.150 nm out of plane. This is in agreement with the reported16x-ray crystallographic data for bis[l2-crown-4]~a+' complex. The bonding between the crown ether and Naf ion could be considered to have both electrostatic and covalent contributions. The electrostatic contribution is mainly from the ion-dipole interaction between ~a + ion and negatively charged oxygen atoms. The gross atomic charges (Table 1 ) and the overlap populations (Table 2) of [12-crown-41 ~a + complex indicate that there is a reasonable amount of covalent contribution t o bonding between ~a + ion and 12-crown-4. This is main1 due to charge transfer interaction. Table 1 x shows that in [12-crown-41 Na complex, the negative charges on all oxygen atoms have been increased by 0.070e, the positive charges on carbon atoms have been increased only by a small amount L0.010eI and the positive charges on hydrogen atoms have been increased by 0.056e. This indicates that a part of the positive charge on ~a + ion is neutralised by pulling the electron density all the way from hydrogen atoms through orbital interaction. This is also indicated by reduction in the overlap populations between carbon and hydrogen atoms and carbon and oxygen atoms ( Table 2 ). constructed by the four oxygen atoms in the crown ether. This calculation also shows that the bonding between 12-crown-4 and ~a f ion has both electrostatic and covalent contributions an' d a part of the positive charge on ~a ' ion is neutralised by pulling the electron density all the way from hydrogen atoms through orbital interactions. The observation that the aza crown ethers form stable cornplexed0~11,14~19 with transition metd ions than with alkali metal ion is consistent with the lower charge and higher overlap populations of carbon and nitrogen in crown ethers.
